SUMMARY Histological examination of 99 human lacrimal glands showed a relationship between atrophy of the secretory acini and secretory duct obstruction, ascending periductal fibrosis, and obliteration of the adjacent blood vessels caused by lymphocytic and polymorphonuclear inflammation. Investigation of the subgroups of the B lymphocytic series by immunohistochemistry did not show any statistical change with age, sex, fibrosis, or lymphocytic inflammation. The concept of senile atrophy occurring as a result of senescent involution of the lacrimal gland is challenged on the basis of the histological findings.
Keratoconjunctivitis sicca in the elderly population is widely considered to be due to senescent involution of the lacrimal gland. '`This degeneration has been termed 'senile atrophy" to distinguish the condition from atrophy secondary to Sjogren's syndrome, infection, and malignancy. Although arteriosclerosis45 and inflammation"7 were formerly considered to be important causative factors, various clinical reports8" have recently stressed the need for further contemporary histological studies of age related changes in the lacrimal gland.
This study of the human lacrimal gland was carried out in order to define the nature and prevalence of fibrosis, acinar atrophy, and duct pathology. The original hypothesis was that, if a low intensity inflammatory process had caused these changes, there might be alterations in the relative frequency and distribution of the subgroups ofthe B lymphocytic series.
Accordingly this component of the immune system was investigated by means of immunohistochemistry.
Materials and methods
Lacrimal gland tissue was obtained from two exenteration specimens and 97 post-mortem examinations of patients in a general hospital. Two-thirds of these specimens were used in a previous study. 3 The patients were randomly selected, and cases were excluded from the study only if the quality or quantity Normal secretory ducts were straight and narrow, and surrounded by loose areolar tissue. They were lined by a bilayered epithelium formed internally by long columnar cells and externally by cuboidal myoepithelial cells (Fig. 2a) . A number of small blood vessels, which will be referred to as paraductal vessels, appeared to run parallel to the ducts from the conjunctiva to the lacrimal glands.
Abnormal ducts were dilated and tortuous (Figs. 2b and 2d) and lined by an atrophic epithelium composed of low columnar or cuboidal cells (Fig.  2b) . The paraductal vessels seemed to be less numerous around these ducts (Fig. 2b) , which were often surrounded by much fibrous tissue.
The patients with more severe duct pathology tended to be older (Table 2 , analysis of variance, p<0001). There was no significant sex bias (X2 test, p>05). The presence of duct changes correlated with fibrosis (Fisher's exact probability test, p<0001).
Cyst formation, which represents the most severe duct pathology (Fig. 2c) , occurred in 19 cases. This group was significantly older than those without cyst formation (Mann-Whitney test, 0-001<p<0-01).
ATROPHY
Normal acini were lined by long columnar cells filled with secretory granules; in atrophic acini the epithelium was low columnar or cuboidal, with scanty secretory granules. These atrophic acini tended to have a wide lumen, which was filled with inspissated secretions in some cases (Fig. 2d) . In most glands there was a distinct variation in the degree of atrophy Seventy out of 99 lacrimal glands showed lymphocytic infiltrates, which were usually situated near the secretory ducts in the hilar regions of the lobules or in the interlobular regions. The lymphocytes tended to form aggregates around the paraductal vessels (Fig.  3a) rather than around the ducts themselves.
A significant relationship was found between lymphocytic infiltration and the presence of fibrosis (Fisher's exact probability test, p<0001 ), duct pathology (X2 test, p<0001) and acinar atrophy (X2 test, p<0-001) ( Table 4) .
In 10 cases a polymorphonuclear cell infiltrate was present, which tended to be most marked near the secretory ducts (Fig. 3b) .
Plasma cells were situated in the interacinar spaces and around the secretory ducts. The mean numbers of plasma cells per unit area (0.09 mm2) are shown in 
Discussion
The interlobular variation in the degree of acinar atrophy suggests that this is due to a pathological Although acinar atrophy and fibrosis occurred more process in the hilar region of each lobule. In this extensively in the later decades, the same changes region dilatation and tortuosity of the secretory ducts, were also noted in younger patients. This suggests occasionally culminating in cyst formation, suggest that the atrophy starts before middle age in parallel that a degree of obstruction may be present. '3 This with the gradual decline in tear production that is obstructioncouldaccountforatrophyofthesecretory known to begin in early adult life." Such findings acini.
are not consistent with the prevailing opinion that Another potential destructive component might be senile keratoconjunctivitis sicca is due to senescent ischaemia secondary to a low grade vasculitis in the atrophy of the lacrimal gland. paraductal vessels. Further study of the normal and It has been suggested that the lymphocytic infiltration in the lacrimal gland forms part of the normal conjunctiva-associated lymphoid tissue (CALT) described recently by Axelrod and Chandler. 4 However, the finding in the present study that lymphocytic infiltrates were absent in almost one-third of the specimens suggests that these are pathological in nature. Other authors studying the post-mortem prevalence of focal lymphocytic adenitis of the submandibular gland have reached similar conclusions. The statistical and histological findings of our study suggest that lymphocytic infiltration in the lacrimal gland is related to fibrosis in a manner similar to other chronic inflammatory diseases. Recent studies have shown that lymphocytes and macrophages can release factors which induce fibroblastic activity and hence tissue fibrosis " and vascular obliteration.'7 It is noteworthy that many fibrotic glands were free from lymphocytic infiltration. This could be due to the intermittent nature of the process.
The lymphocytic aggregates could represent a low grade dacryoadenitis secondary to systemic infections' "2' or conjunctivitis.2' The latter could be due to nasolacrimal duct obstruction,22 exposure, immunodeficiency states,-3 or could even be a selfpropagating disease state in a tear-deficient patient.
The histological appearances are also similar to the less severe grades of Sjogren's syndrome.524 However, other authors have dismissed autoimmunity as a cause of senile keratoconjunctivitis sicca, because patients suffering from this disease do not show an increased incidence of autoantibodies.2 In Sjogren's syndrome, when immunological aberrations25 occur as a result of a genetic predisposition ,' these autoantibodies are considered to be an epiphenomenon.27 It is possible that similar hypersensitivity phenomena occurring as a result of systemic diseases25 could cause similar histological appearances. Conditions like Reiter's syndrome, acne rosacea, and inflammatory bowel disease,2 which cause episcleritis and conjunctivitis would also be expected to affect the lacrimal gland, which is an extension of the conjunctiva.
Some of these conditions could also be responsible for the focal lymphocytic adenitis seen in other exocrine glands' 5"3 and may account for a significant proportion of middle aged patients with keratoconunctivitis sicca unrelated to Sjogren 's syndrome.
The numbers of the different plasma cell types correspond closely to previously reported data.' No age-related change in the distribution of the subgroups in the plasma cell populations could be demonstrated. Previous reports33 34 of a gradual increase in tear IgA concentration with age could be indicative of diminished tear production.
In conclusion, this study suggests that repeated episodes of subclinical dacryoadenitis occur throughout life to cause obstruction of the secretory ducts. This process may make a significant contribution to senile keratoconjunctivitis sicca by depleting the functional reserves of the main and accessory lacrimal glands.
Recognition of local and systemic causes of subclinical dacryoadenitis may enable keratoconjunctivitis sicca to be prevented or delayed by appropriate therapy.
